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$EVWUDFW
,QKHULWHGLFKWK\RVLVLQ5RPDQLDFRQVWLWXWHVDKHDOWKSUREOHPRIXQNQRZQGLPHQVLRQ 2YHUDSHULRGRIQLQHPRQWKV
ZH FROOHFWHG LQIRUPDWLRQ DERXW LQKHULWHG LFKWK\RVLV SDWLHQWV IURP WKUHH GLIIHUHQW VRXUFHV :H IRXQG  RI
LQGLYLGXDOVLQFRXQWLHVDQG%XFKDUHVWWKHPDMRULW\ RIFDVHVEHLQJ UHSRUWHGE\WKHVRFLDODVVLVWDQFHVHUYLFHV :H
FKDUDFWHUL]HG RXU SRSXODWLRQ E\ JHQGHU DJH DQG GRPLFLOH DUHD DQG ZH FRPSDUHG WKH QXPEHU RI WKH LGHQWLILHG
LQKHULWHGLFKWK\RVLV FDVHVWRWKHORFDO VWDEOHSRSXODWLRQ GDWD IURP 5RPDQLDQFHQVXV LQHDFKGRPLFLOHDUHD7KH
SUHYDOHQFHRILQKHULWHGLFKWK\RVLVFDVHV ZDVFDOFXODWHG IRUHDFK VRXUFH RILQIRUPDWLRQ DQGLQDGGLWLRQZHFDOFXODWHG
WKH FXPXODWHGSUHYDOHQFHRIPHGLFDODQGVRFLDOVRXUFHDQGWRWDOSUHYDOHQFHRIDOOWKUHHVRXUFHVDOZD\VUHSRUWLQJWR
WKHVWDEOHSRSXODWLRQRIWKH GRPLFLOHFRXQW\RIUHSRUWHGSDWLHQWV6WDWLVWLFDODQDO\VHVDQGLQWHUSUHWDWLRQRIGDWD IRU
FRPSDULQJ WKHVH YDOXHV RI SUHYDOHQFHZHUH XVHG WR GHWHUPLQH LI WKH SUHYDOHQFH LV GLIIHUHQW LQ WKHVH VRXUFHV:H
UHDOL]HGILUVWDVWXG\ WRHYDOXDWHWKHH[LVWHQFHRIVLJQLILFDQWVWDWLVWLF GLIIHUHQFHEHWZHHQPHDQYDOXHV RISUHYDOHQFH
LQ HDFK VRXUFH W\SH DQG VXEVHTXHQWO\ ZH FRPSDUHG KRZ DGGLWLRQ RI QHZ GDWD WR WKH PDLQ VRXUFH PRGLILHG LWV
SUHYDOHQFH :HIRXQG WKDWWKHLQIRUPDWLRQFROOHFWHGIURP ORFDOFRXQWLHVRIILFLDORUJDQLVPVIRUVRFLDODVVLVWDQFHDQG
SURWHFWLRQ LV WKHPRVWVLJQLILFDQWIRUWKHILQDOUHVXOWVDQGWKLV LQIRUPDWLRQLV GLIIHUHQWIURPWKDWRI PHGLFDOVRXUFHV
DQG RWKHU QRQFRQYHQWLRQDO VRXUFHV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
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 ,QWURGXFWLRQ
,QKHULWHG LFKWK\RVLV UHIHUV WRD ODUJHJURXSRI0HQGHOLDQGLVRUGHUVRIFRUQLILFDWLRQDIIHFWLQJ WKH VWUXFWXUHDQG
IXQFWLRQDOLW\ RI WKH HQWLUH VNLQ DQG VHYHUHO\ LQIOXHQFLQJ WKH TXDOLW\ RI OLIH LQ WKH JUHDWPDMRULW\ RI SDWLHQWV>@
0XFKSURJUHVV LQGLDJQRVLQJ WKHPROHFXODUFDXVHRIHDFKRI WKHVSHFLILFHQWLWLHVRI LQKHULWHG LFKWK\RVLV KDVEHHQ
PDGHLQWKHSDVW\HDUVDQGRYHUJHQHVUHJXODWLQJLPSRUWDQWVWHSVRI VNLQSK\VLRORJ\ZHUHLGHQWLILHGDQGWKH QHZ
FODVVLILFDWLRQRI WKLVFOLQLFDOO\DQGKHWHURJHQHRXVJURXSRIGLVHDVHZDVPDQGDWRU\7KH&RQVHQVXV&RQIHUHQFHRI
,FKWK\RVLV LQ 6RUHVH  GLVWLQJXLVKHV QRQV\QGURPLF LFKWK\RVLV ZKHQ WKH JHQHWLF GHIHFW LV UHVWULFWHG WR WKH
WHJXPHQWVXFKDV LFKWK\RVLV YXOJDULV ,9 UHFHVVLYH;OLQNHGLFKWK\RVLV 5;/, RUWKHUDUHIRUPVRI DXWRVRPDO
UHFHVVLYHFRQJHQLWDOLFKWK\RVLV$5&,NHUDWLQRSDWKLF LFKWK\RVLV.,DQG V\QGURPLF LFKWK\RVLV LQFOXGLQJ YHU\
UDUH FOLQLFDO HQWLWLHV ZKHQ WKH VNLQ SKHQRW\SH DVVRFLDWHV D IDWDO FRXUVH QHXURORJLFDO LPSDLUPHQW RU RWKHU
H[WUDFXWDQHRXVILQGLQJV>@
7KHPRVW SUHYDOHQW IRUPV DUH LFKWK\RVLV YXOJDULV UHFRJQL]HG IRU WKH DVVRFLDWLRQZLWK DWRSLFGHUPDWLWLV 
LQGLYLGXDOVDQGUHFHVVLYH;OLQNHG LFKWK\RVLVDIIHFWLQJPDOHV  LQGLYLGXDOV >@ ,Q)UDQFH WKHHVWLPDWHG
SUHYDOHQFHRIDOOIRUPVRILQKHULWHGLFKWK\RVLVH[FHSW IRUWKH,9LVSHRSOH)RUWKHUDUH IRUPV RI
QRQV\QGURPLFLFKWK\RVLVRI $5&, DQG.,WKHSUHYDOHQFHLVDQGUHVSHFWLYHO\ DQGIRU DOO
IRUPV RI V\QGURPLF LFKWK\RVLV WKH SUHYDOHQFH LV  ,Q*HUPDQ\ DQG 6SDLQ$5&, SUHYDOHQFH LV HYHQ
KLJKHU  UHVSHFWLYHO\  SHRSOH >@ $OO WKHVH UDUH IRUPV RI $5&, ., DQG V\QGURPLF
LFKWK\RVLVDUH IUHTXHQWO\HQFRXQWHUHG IURPELUWKDQGSUHVHQWDKLJKULVN IRUGHK\GUDWLRQ LQIHFWLRQDQGHYHQWXDOO\
GHDWK LQ WKH DEVHQFH RI SURSHU FDUH ,Q 5RPDQLD DW WKLV PRPHQW WKHUH LV QR GDWD UHJDUGLQJ WKH SUHYDOHQFH RI
KHUHGLWDU\ LFKWK\RVLV ,Q WKLV VWXG\ ZH SUHVHQW RXU UHVXOWV DIWHU FROOHFWLQJ GDWD DERXW 5RPDQLDQ SDWLHQWV ZLWK
LQKHULWHG LFKWK\RVLV IURP WKUHH LQGHSHQGHQW VRXUFHV PHGLFDO VHUYLFHV VRFLDO DVVLVWDQFH VHUYLFHV DQG SDWLHQW
DVVRFLDWLRQRYHUDWRWDOSHULRGRIPRQWKV
 0DWHULDOVDQGPHWKRG
:HSURSRVHGWRLGHQWLI\SDWLHQWVKDYLQJWKHGLDJQRVLVRI KHUHGLWDU\LFKWK\RVLV HVWDEOLVKHGE\DSK\VLFLDQDWVRPH
SRLQWLQWKHLUOLYHV6RPHRIWKHSDWLHQWVJRUHJXODUDW GHUPDWRORJLVWEXWEHFDXVH WKH ODFNRIVSHFLILFWUHDWPHQWPDQ\
SDWLHQWV JLYH XS WR PRQLWRULQJ LQ GHUPDWRORJ\ IDFLOLWLHV 3DWLHQWV KDYLQJ PRGHUDWH WR VHYHUH IRUPV VRPHWLPHV
DGGUHVVWKHPVHOYHVWRVRFLDODVVLVWDQFHLQVWLWXWLRQVIURPGRPLFLOHDUHDWRREWDLQD KDQGLFDSFHUWLILFDWHDQGDGGLWLRQDO
EHQHILWV LQKHOSLQJWKHPPDQDJHWKLVFRQGLWLRQ,QVRPHFDVHVSDWLHQWV PDQLIHVW ORZ LQWHUHVWIRUPHGLFDORUVRFLDO
FDUH+DYLQJ WKLV LQPLQGZH WULHG WRUHDFK WRDVPXFK LQIRUPDWLRQDERXWKHUHGLWDU\ LFKWK\RVLV IURP DOO DYDLODEOH
FRQYHQWLRQDODQGQRQFRQYHQWLRQDOVRXUFHV
7KXVRXUGDWDZHUHFROOHFWHGIURPWKUHHW\SHVRIVRXUFHV
x 6ORFDOFRXQWLHVRIILFLDORUJDQLVPVIRUVRFLDODVVLVWDQFHDQGSURWHFWLRQZKHUHSDWLHQWVKDYLQJVHYHUHGLVDELOLWLHV
DUHHQUROOHGDFFRUGLQJWRWKHLUPHGLFDOGLDJQRVLVRU 'LDJQRVLV5HODWHG*URXS'5* FRGLQJ7KHGDWD
FRQFHUQLQJQXPEHURISDWLHQWVVH[DQGW\SHRIGRPLFLOHZHUHREWDLQHGIURPWKH5RPDQLDQ$VVRFLDWLRQIRU
&RQJHQLWDO,FKWK\RVLV$5,&2,QWKHSHULRGRI0D\$SULO $5,&2UHTXHVWHG IURPHDFKORFDOFRXQW\
LQVWLWXWLRQRIVRFLDO DVVLVWDQFH WKLV LQIRUPDWLRQLQRUGHUWRHVWDEOLVKWKHEDVLVRI5RPDQLDQ1DWLRQDO5HJLVWU\IRU
,FKWK\RVLVDQGHYDOXDWH WKH QHHGIRUPHGLFDODQGVRFLDOVXSSRUWRISDWLHQWVKDYLQJ WKHVHFRQGLWLRQV
x 6PHGLFDOVRXUFHVWKHUHJLVWU\IRULFKWK\RVLVIURP'HUPDWRORJ\&OLQLFRI&OXM1DSRFDRUSHUVRQDOUHSRUWVRI
GHUPDWRORJLVWVRUJHQHUDOSK\VLFLDQV WUHDWLQJWKHVHW\SHRISDWLHQWV
x 6LQWHUQHWRUSDWLHQWVUHSRUWVRIRWKHUVLPLODUSDWLHQWV JDWKHUHGLQDQRQFRQYHQWLRQDOPDQQHUE\$5,&2
:HFKDUDFWHUL]HGWKHLQYHVWLJDWHGSRSXODWLRQE\DJHJHQGHUDQGW\SHRIGRPLFLOH
8VLQJ WKH LQIRUPDWLRQDERXW WKHVWDEOHSRSXODWLRQRI5RPDQLDRQHDFKFRXQW\ZHFDOFXODWHG WKHSUHYDOHQFHRI
LQKHULWHGLFKWK\RVLVFDVHVIRUHDFKVRXUFHFXPXODWHGSUHYDOHQFHRIPHGLFDODQGVRFLDOVRXUFHDQGWRWDOSUHYDOHQFH
RI DOO WKUHH VRXUFHV DOZD\V UHSRUWLQJ WR WKH VWDEOH SRSXODWLRQ RI WKH FRXQW\ RI GRPLFLOH LQ HDFK FDVH DIWHU WKH
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IRUPXOD >WKHQXPEHURISDWLHQWV;VWDEOHSRSXODWLRQRIUHSRUWHGDUHDRIVSHFLILFVRXUFHIRUZKLFKWKH
QXPEHURISDWLHQWVZDVFRQVLGHUHG@
7KHVHYDOXHVRI SUHYDOHQFHZHUH FRPSDUHG XVLQJ VWDWLVWLFDO DQDO\VHV DQG LQWHUSUHWDWLRQRI GDWDZKHUHZHXVHG
6366 IRU:LQGRZV 7KHSDLUHG VDPSOHV WWHVW FDQEHXVHG WRGHWHUPLQH LI WZRPHDQV DUHGLIIHUHQW IURPHDFK
RWKHU>@,QWKLVVWXG\ZHZLOOGHWHUPLQHLIWKHSUHYDOHQFH LVGLIIHUHQWLQWKHWKUHHVRXUFHV RI LQIRUPDWLRQ>@
 (PSLULFDO5HVXOWV
 6XPPDU\ GHVFULSWLYHVWDWLVWLFV IRU WKHSUHYDOHQFHRILFKWK\RVLVLQ5RPDQLD
:HLGHQWLILHGSDWLHQWVKDYLQJDIRUPRIKHUHGLWDU\LFKWK\RVLV,QSDWLHQWVZHKDGLQIRUPDWLRQDERXWWKH
JHQGHUDQGGRPLFLOHZHUHPDOHVDQGZHUHIHPDOHVDQGSDWLHQWVZHUHOLYLQJLQWKHFRXQWU\ZKLOHLQWKH
FLW\
7KHGLVWULEXWLRQRISDWLHQWV IRUHDFKFRXQW\WKDWZHKDGLQIRUPDWLRQRQKHUHGLWDU\LFKWK\RVLVLVVKRZQZLWKDUHG
OLQHLQ)LJXUHFRPSDUHGZLWKFRXQW\SRSXODWLRQLQPXOWLSOHRIWHQWKRXVDQGVIURPFHQVXVUHSUHVHQWHGE\
WKHEOXHOLQH
)LJ  3DWLHQWVZLWKLFKW\RVLVLQ5RPDQLDDQDO\]HG FRXQW\
'DWDDERXWWKH SDWLHQWDJHZDVDYDLODEOHLQ RIFDVHVDQGWKHLUGLVWULEXWLRQLQDJHJURXSVLVVKRZQLQ)LJXUH 
)LJ  $JHGLVWULEXWLRQRI FDVHV
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7KHQXPEHURISDWLHQWVUHSRUWHGLQHDFKVRXUFHZDV6UHSRUWHGSDWLHQWV6UHSRUWHGSDWLHQWVZKLFKZHUH
QRW HQFRXQWHUHG LQ DQ\ RWKHU VRXUFH DQG DQRWKHU  SDWLHQWV DOVR UHSRUWHG LQ 6 D WRWDO RI  SDWLHQWV DQG 6
UHSRUWHG SDWLHQWV7KHGLVWULEXWLRQRIFDVHVRQHDFKVRXUFH UHJDUGLQJ WKHSDWLHQW¶V JHQGHUDJHDQGGRPLFLOH LV
SUHVHQWHGLQ)LJXUH 7RDYRLGRYHUFRXQWLQJRISDWLHQWVLQ6ZHUHFRQVLGHUHGRQO\SDWLHQWVUHSRUWHGVWULFWO\KHUH
DQGZLWK6DOOWKHSDWLHQWVUHSRUWHGIURP 6
7KHGDWD FROOHFWHG IURPHDFK RI VRXUFHVSUHVHQWHG DV IROORZV 6 UHSRUWVZHUHREWDLQHG IURP FRXQWLHV DQG
%XFKDUHVW7KHUHVWRIFRXQWLHV GLGQ¶W UHVSRQG WRRXU HQTXLU\)URP FRXQWLHV UHSRUWLQJ FDVHV ZLWKFRQJHQLWDO
LFKWK\RVLV ZKHUH ZH KDG DGGLWLRQDO LQIRUPDWLRQ DERXW DJH JHQGHU DQG W\SH RI SDWLHQWV GRPLFLOH $UDG $OED
9DOFHD 7HOHRUPDQ 3UDKRYD &OXM 9UDQFHD *DODWL %X]DX 6XFHDYD 0XUHV 6DODM %LVWULWD1DVDXG 6DWX0DUH
&DODUDVL%LKRUIURPRWKHUFRXQWLHVWKHSDWLHQWVGDWDZHUHLQFRPSOHWH FRQFHUQLQJWKHDJHJHQGHUDQGGRPLFLOH
0DUDPXUH6LELXDQG %UDVRYDQGIURPRWKHUFRXQWLHV1HDPW$UJHVDQG'DPERYLWDZHKDGRQO\FRQILUPDWLRQ
DERXW H[LVWLQJ SDWLHQWV ZLWK WKLV GLVHDVH EXW ZLWKRXW HQRXJK GDWD DERXW WKHP )URP  FRXQWLHV ZH KDG UHSRUWV
GHQ\LQJ WKHH[LVWHQFHRI WKLVGLDJQRVLV LQ WKHLU UHJLVWHUHGSDWLHQWV )URP6ZHKDGDGGLWLRQDOGDWDDERXWSDWLHQWV
IURP$UJHVDQG'DPERYLWDSUHYLRXVO\LQFRPSOHWHLQ6DQGIURP6ZHKDGDGGLWLRQDOLQIRUPDWLRQDERXWDSDWLHQW
IURP,DVLDFRXQW\ZKLFKGLGQ¶W UHVSRQGHG LQ6DQG SDWLHQWV IURP %UDLOD&RQVWDQWDDQG +XQHGRDUDFRXQWLHV
ZKLFKGHFODUHGQRFDVHVLQ6
7KHGLVWULEXWLRQRIIUHTXHQF\IRUFRXQW\SRSXODWLRQZDV
)LJ  D +LVWRJUDP ZLWKGLVWULEXWLRQRIWKHSRSXODWLRQFRXQW\EER[SORWZLWKWKHGLVWULEXWLRQRIWKHSRSXODWLRQFRXQW\
7KHPHDQSRSXODWLRQIRUFRXQW\ZDV0HDQ  LQKDELWDQWVDQGVWDQGDUGGHYLDWLRQ6' 7KH ER[
SORW GLDJUDPVKRZVDQH[WUHPHYDOXHFRUUHVSRQGLQJWR%XFKDUHVW 
)RUHDFKVRXUFH RILQIRUPDWLRQ WKHSUHYDOHQFHZDVFKDUDFWHUL]HGE\KLVWRJUDPDQG ER[SORW GLDJUDPDVIROORZV
)LJ  DKLVWRJUDPZLWKGLVWULEXWLRQRIWKHSUHYDOHQFH6E ER[SORW ZLWKWKHGLVWULEXWLRQRIWKHSUHYDOHQFH6
946   Dalila Maier et al. /  Procedia Technology  19 ( 2015 )  942 – 949 
)RU6WKHKLVWRJUDPVKRZVQRWQRUPDOGLVWULEXWLRQRIGDWDDQGWKH ER[SORW GLDJUDPLQGLFDWHWZRH[WUHPHYDOXHV
FRUUHVSRQGLQJWRFRXQWLHV 6DODM DQG $OED DQGUHVSHFWLYHO\
)LJ  DKLVWRJUDP ZLWKGLVWULEXWLRQRIWKHSUHYDOHQFH6EER[SORWZLWKWKHGLVWULEXWLRQRIWKHSUHYDOHQFH6
)RU6 WKHKLVWRJUDPVKRZVQRWQRUPDOGLVWULEXWLRQRIGDWD DQG WKH ER[SORW GLVSDUDWHYDOXHV   %LVWULWD 
&OXM  6LELX:KHQFRQVLGHULQJDOO SDWLHQWVUHSRUWHGIURPPHGLFDOVRXUFHVDV6WKH KLVWRJUDP SUHVHQW
QRWQRUPDOGLVWULEXWLRQDQGWKH ER[SORW LQGLFDWHGJURXSHGYDOXHVDVZHOODVWKUHHH[WUHPHYDOXHVFRUUHVSRQGLQJWR
%LVWULWD&OXMDQG6LELX
)LJ  D KLVWRJUDPZLWKGLVWULEXWLRQRIWKHSUHYDOHQFH6EER[SORWZLWKWKHGLVWULEXWLRQRIWKHSUHYDOHQFH6
)RU 6 WKH KLVWRJUDP ZDV QRW QRUPDO GLVWULEXWHG DQG WKH ER[SORW GLDJUDP VKRZHG RQO\ RQH H[WUHPH YDOXH
FRUUHVSRQGLQJWR$OEDFRXQW\
)LJ  DKLVWRJUDPZLWKGLVWULEXWLRQRIWRWDOSUHYDOHQFHEER[SORWZLWKWKHGLVWULEXWLRQRIWRWDOSUHYDOHQFH
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7KH WRWDOSUHYDOHQFHRQDOO VRXUFHVKDGQRWQRUPDOGLVWULEXWLRQ WKDWFDQEHVHHQ LQ WKHKLVWRJUDPDQG WKHER[SORW
GLDJUDP LQGLFDWLQJWZRH[WUHPHVYDOXHVFRUUHVSRQGLQJWR 6DODM DQG $OED DQGUHVSHFWLYHO\
 +\SRWKHVHVRIWKHVWXG\
7KH QH[W K\SRWKHVLV ZDV DQDO\]HG LQ RUGHU WR HVWDEOLVK WKH FRQQHFWLRQ WKDW FDQ EH GHGXFWHG EHWZHHQ WKH WKUHH
VRXUFHVRILQIRUPDWLRQWKDWZHXVHIRUGHWHUPLQDWLRQRIWKHSUHYDOHQFHRI LQKHULWHGLFKWK\RVLVLQ5RPDQLD
+7KHUHLVQRVLJQLILFDQWVWDWLVWLFGLIIHUHQFHEHWZHHQWKHPHDQSUHYDOHQFHIURP6DQGWKHPHDQSUHYDOHQFHIURP
6 DQG6
:HFRQVLGHUDOVRWKDWLWLVLPSRUWDQWWRNQRZLIWKH SUHYDOHQFHEHWZHHQ6DQG6VKRZV YDULDWLRQEHWZHHQWKHGDWD
VRZHWHVWHGLQDGGLWLRQ WKHQH[WK\SRWKHVLV
+7KHUHLVQRVLJQLILFDQWVWDWLVWLFGLIIHUHQFHEHWZHHQWKHPHDQSUHYDOHQFHIURP6DQGWKHPHDQSUHYDOHQFH
IURP6
:H XWLOL]H WKH 6WXGHQW W 7HVW ± 3DLUHG 6DPSOHV W 7HVW WKDW FDQ EH XVHG WR GHWHUPLQH LI WZR VHWV RI GDWD DUH
VLJQLILFDQWO\GLIIHUHQWIURPHDFKRWKHU >@:HDSSO\WKLVWHVWIRUQRQQRUPDOGLVWULEXWLRQ7KHWWHVWDVVXPHVWKDW
WKH PHDQV RI WKH GLIIHUHQW VDPSOHV DUH QRUPDOO\ GLVWULEXWHG LW GRHV QRW DVVXPH WKDW WKH SRSXODWLRQ LV QRUPDOO\
GLVWULEXWHG 7KH WWHVW LV LQYDOLGIRUVPDOOVDPSOHVIURPQRQQRUPDOGLVWULEXWLRQVEXW LW LVYDOLGIRU ODUJHVDPSOHV
IURPQRQQRUPDOGLVWULEXWLRQVELJJHUWKHQ ,QWDEOHLWLVVKRZWKHWUHHSDLURIPHDQVWKDW ZDVFRPSDUHGZLWK
WKHKHOSRI63666WDWLVWLFDO6RIW
7DEOH WWHVWIRUPHDQVFRUHVRISUHYDOHQFHLQ5RPDQLD
3DLUHG6DPSOHV7HVW
3DLUHG'LIIHUHQFHV
W GI 6LJWDLOHG0HDQ 6WG'HYLDWLRQ 6WG(UURU0HDQ
&RQILGHQFH,QWHUYDORIWKH
'LIIHUHQFH
/RZHU 8SSHU
3DLU 3UHYDOHQWD6 3UHYDOHQWD6        
3DLU 3UHYDOHQWD6 3UHYDOHQWD6        
3DLU 3UHYDOHQWD6 3UHYDOHQWD6        
$VVKRZHGDERYHZKHQZHDSSOLHGSDLUHG W WHVW WKHPHDQVRI WKH SUHYDOHQFH6DQGSUHYDOHQFH6VFRUHV
GLIIHU LQ D VLJQLILFDQW VWDWLVWLF PDQQHU W   WZRWDLOHG ZKHUH S &RQFOXVLRQ WKH LQIRUPDWLRQ REWDLQHG
IURP WKH VRXUFH   ORFDO FRXQWLHV RIILFLDO RUJDQLVPV IRU VRFLDO DVVLVWDQFH DQG SURWHFWLRQ LV GLIIHUHQW IURP WKH
LQIRUPDWLRQREWDLQHGIURPVRXUFH PHGLFDOVRXUFHV:HDOVRKDYHWKHVHFRQGSDLURIPHDQZKHUHZHDSSOLHGWWHVW
DQGWKHUHVXOWVKRZWKDWWKH SUHYDOHQFH6DQGSUHYDOHQFH6 GLIIHULQDVLJQLILFDQWVWDWLVWLFPDQQHUW WZR
WDLOHGZKHUHS WKLV UHVXOWVFRQILUP WKDW WKH LQIRUPDWLRQ REWDLQHG IURP WKH VRXUFH  ORFDOFRXQWLHVRIILFLDO
RUJDQLVPVIRUVRFLDODVVLVWDQFHDQGSURWHFWLRQ LV GLIIHUHQWIURPWKHLQIRUPDWLRQREWDLQHGIURPVRXUFH  LQWHUQHWRU
SDWLHQWVUHSRUWVRIRWKHUVLPLODUSDWLHQWV7KRVHWZRWHVWVDUHWKHPRVWLPSRUWDQWIRURXUVWXG\EHFDXVHWKH\FRQGXFW
WRWKHPDLQFRQFOXVLRQRIWKHHPSLULFDOUHVHDUFKWKDWWKHLQIRUPDWLRQFROOHFWHGIURPVRXUFH ORFDOFRXQWLHVRIILFLDO
RUJDQLVPVIRUVRFLDODVVLVWDQFHDQGSURWHFWLRQ LV GLIIHUHQWIURPWKHRWKHUWZRVRXUFHV
7KHWKLUGWHVWZDVGRQHLQRUGHUWRVHHLI WKHLQIRUPDWLRQREWDLQHG IURPVRXUFH PHGLFDOVRXUFHV LV VWDWLVWLFDO
GLIIHUHQWIURPWKHLQIRUPDWLRQREWDLQHGIURPVRXUFH  LQWHUQHWRUSDWLHQWVUHSRUWVRIRWKHUVLPLODUSDWLHQWV ,QWKLV
FDVH WKH QXOO K\SRWKHVLVZDV FRQILUPHG7KHUH LV QR VLJQLILFDQW VWDWLVWLF GLIIHUHQFH EHWZHHQ WKHPHDQ SUHYDOHQFH
IURP6DQGWKHPHDQSUHYDOHQFHIURP6 S! ± 6LJ 
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 'LVFXVVLRQV DQGFRQFOXVLRQV
7KHPDMRULW\RILGHQWLILHGFDVHVRIKHUHGLWDU\LFKWK\RVLVZHUHIHPDOHVDQGWKHPDMRULW\RISDWLHQWVZHUH OLYLQJLQ
WKHFRXQWU\DUHD7KHKLJKHVWQXPEHURIFDVHVZDVHQFRXQWHUHG LQ WKHFRXQWLHVRI&OXM%LVWUWD1DVDXG$OEDDQG
6DODMDQGIRUP)LJXUH ZHREVHUYHGWKDWFRPSDUHGWRFRXQW\SRSXODWLRQLQWHUHVWLQJO\KLJKYDOXHVZHUHLQWKHFDVH
RI WKH %LVWULWD1DVDXG $OED DQG 6DODM ZKLFK KDG PDQ\ FDVHV RI KHUHGLWDU\ LFKWK\RVLV UHSRUWHG WR WKH FRXQW\
SRSXODWLRQ
7KHFRXQWLHVWKDWZHKDGLQIRUPDWLRQDERXWKHUHGLWDU\LFKWK\RVLVIURPDOOWKUHHVRXUFHV KDYHDVWDEOHSRSXODWLRQ
RI UHSUHVHQWLQJ  RIWRWDOVWDEOHSRSXODWLRQRI5RPDQLD  UHVLGHQWVVSUHDGLQ  FRXQWLHV
DFFRUGLQJWRFHQVXV >@
:H FDOFXODWHG WKH SUHYDOHQFH RI KHUHGLWDU\ LFKWK\RVLV LQ 5RPDQLD IRU HDFK VRXUFH $QDO\]LQJ DOO LQIRUPDWLRQ
DYDLODEOH ZH REVHUYHG WKDW RXU GDWD ZDV XQEDODQFHG DV LQ D UHFHQW VWXG\ LQYHVWLJDWLQJ KHUHGLWDU\ LFKWK\RVLV LQ
)UHQFK SRSXODWLRQ VWXG\ >@ %HFDXVH WKH PDMRULW\ RI SDWLHQWV LGHQWLILHG DSSHDUHG LQ WKH OLVWV IURP ORFDO VRFLDO
DVVLVWDQFHRUJDQLVPV LQHDFKFRXQW\  SDWLHQWVZHFRQVLGHUHG WKLVDV WKHPDLQ VRXUFH67KHPHGLFDO VRXUFH
6ZDVRQWKHVHFRQGSODFHUHJDUGLQJWKHQXPEHURIUHSRUWHGSDWLHQWVSDWLHQWVGLIIHUHQWIURPWKH)UHQFK
VWXG\LQZKLFKWKHPHGLFDOVRXUFHZDVWKHPDLQVRXUFHIRULGHQWLI\LQJSDWLHQWVDQGRQO\LQDVPDOOSURSRUWLRQRI
SDWLHQWVRI WKHUHZDVORZRYHUODSEHWZHHQSDWLHQWV IURPWKHVHWZRVRXUFHV6DQG6 7KHQXPEHURI
SDWLHQWVLGHQWLILHGIURPQRQFRQYHQWLRQDOVRXUFHVZDVWKHORZHVWRIDOODQGQRQHRI WKHVHSDWLHQWVZHUH UHFRUGHGRQ
DQ\RWKHUVRXUFHVIURPZKDWGDWDZHKDG
7KHSUHYDOHQFH IRUKHUHGLWDU\ LFKWK\RVLV LQ5RPDQLDZDV &, >  @ SHUPLOOLRQSHRSOH
DQGLWLVDORZYDOXHFRPSDUHGWRDUHFHQWVWXG\RQ)UHQFKSRSXODWLRQZHUHWKHHVWLPDWHGSUHYDOHQFH ZDVDWSHU
PLOOLRQSHRSOH &,>  @ >@
7KH\ LGHQWLILHGSDWLHQWVKDYLQJD IRUPKHUHGLWDU\ LFKWK\RVLV H[FOXGLQJPLOGIRUPVDV LFKWK\RVLV YXOJDULV
ZKLFK LV XVXDOO\ UHVSRQVLEOH IRU OHVVGLVWXUELQJ IRUPVRI LFKWK\RVLVEXWRQO\FDVHVZHUHFRQVLGHUHG LQ WKHLU
HVWLPDWLRQDQGWKHSRSXODWLRQ DUHD DFFRUGLQJWRFHQVXVZDV UHVLGHQWV,QRXUVWXG\ZHIRXQG
SDWLHQWVGLDJQRVHGZLWKKHUHGLWDU\LFKWK\RVLVEXWZH GLGQ¶W H[FOXGHGLFKW\RVLVYXOJDULVDVDGLDJQRVLVEHFDXVHDVZH
REVHUYHG VRPHWLPHV WKH FOLQLFDO GLDJQRVLV ZDV QRW FRQVLVWHQW ZLWK WKH LFKWK\RVLV IRUP RI WKH  SDWLHQWV
LQYHVWLJDWHGRQO\ RIWKHPSUHVHQWHGLFKWK\RVLVYXOJDULVHVWDEOLVKHGRQFODVVLF KDHPDWR[\OLQ HRVLQVWDLQVDQG XOWUD
VWUXFWXUH ILQGLQJV GDWD QRW SXEOLVKHG KHUH DQG WKH SRSXODWLRQ ZH UHSRUWHG WR ZDV    LQGLYLGXDOV
0HWURSROLWDQ )UDQFH (XURSH KDV D SRSXODWLRQ RI  UHVLGHQWV DFFRUGLQJ WR &(186 >@
DSSUR[LPDWHO\ WKUHHWLPHVPRUHWKDQWKHSRSXODWLRQRI5RPDQLD  >@
'DWD DQDO\VLV UHYHDOHG D PHDQ SUHYDOHQFH RI  &,  > @ IRU 6 D PHDQ SUHYDOHQFH RI
&, > ± @IRU6DQGDPHDQSUHYDOHQFHRI &, > ± @IRU6
'XH WR KLJK YDULDWLRQ RI SUHYDOHQFH IURP DOO GDWD VRXUFHV ZH UHDOL]HG D VWXG\ WR HYDOXDWH WKH H[LVWHQFH RI
VLJQLILFDQW VWDWLVWLF GLIIHUHQFHEHWZHHQPHDQYDOXHV)LUVWZHFRPSDUHGPHDQYDOXHSUHYDOHQFH IURPHDFK VRXUFH
DQGLQVHFRQGVWHSZHFRPSDUHGKRZDGGLWLRQRIQHZGDWDIURP 6DQG6PRGLILHGWKHSUHYDOHQFHFDOFXODWHGIRU
6
$IWHU WHVWLQJ WKH K\SRWKHVLV ZH FDQ FRQFOXGH WKDW WKH LQIRUPDWLRQ REWDLQHG IURP WKH ORFDO FRXQWLHV RIILFLDO
RUJDQLVPVIRUVRFLDODVVLVWDQFHDQGSURWHFWLRQLV GLIIHUHQWIURPWKHLQIRUPDWLRQREWDLQHGIURP PHGLFDOVRXUFHVDQG
UHVSHFWLYHO\IURPQRQFRQYHQWLRQDO VRXUFHV
7KHFDOFXODWHGSUHYDOHQFHIRUKHUHGLWDU\LFKWK\RVLVLQ5RPDQLD XVLQJ WKHSDWLHQWV IRUDWRWDOQXPEHURI
  LQGLYLGXDOV LV FRPSDUDEOH ZLWK WKH UHVXOWV RI  LQGLYLGXDOV LQ    )UHQFK EXW ORZHU WKDQ
HVWLPDWHGSUHYDOHQFH 7KLVPLJKWEHWKHUHVXOWRIORZ DGGUHVVDELOLW\ RISDWLHQWVIRUPHGLFDODQG VRFLDO VHUYLFHVEXW
DOVREHFDXVHRIGHIHFWLYHPHDVXUHVRIFDVHUHFRUGLQJ DQGFDVH UHSRUWLQJWRVSHFLDOGHUPDWRORJ\XQLWV)XUWKHUVWXG\
LV QHFHVVDU\ZLWK VSHFLDO DWWHQWLRQ WR VRFLDO DVVLVWDQFH LQ FKDUJH LQVWLWXWLRQ DQGPHGLFDO IDFLOLWLHV WR LQFUHDVH WKH
DZDUHQHVV WR WKLV FRQGLWLRQ DQG WR HQKDQFH EHWWHU UHSRUW DQG PDQDJHPHQW RI KHUHGLWDU\ LFKWK\RVLV 2XU VWXG\
LGHQWLILHG PDQ\ SDWLHQWV VXIIHULQJ RI KHUHGLWDU\ LFKWK\RVLV DQG HQFRXQWHUHG GLIILFXOWLHV LQ GDWD FROOHFWLQJ GXH WR
LQVXIILFLHQWRULQH[LVWHQFHRIRIILFLDOHSLGHPLRORJLFDOGDWDPHGLFDORUHOVHIRUWKLVW\SHRIGLVHDVH:HLQWHQGHG WR
UDLVH WKH DWWHQWLRQ RQ KHUHGLWDU\ LFKWK\RVLV PDQDJHPHQW DQG WKH QHHG IRU SURSHU DQG DGDSWHG KHDOWK VWUDWHJ\ WR
LPSURYHSDWLHQWFDUHDQGGLDJQRVWLFSURFHGXUHVLQKHUHGLWDU\LFKWK\RVLVSDWLHQWV
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$FNQRZOHGJHPHQWV
7KLV SDSHU LV EDVHG XSRQ ZRUN VXSSRUWHG E\ WKH $LGHG 'HVLJQ DQG0DQXIDFWXULQJ $GYDQFHG 7HFKQRORJLHV
UHVHDUFKFHQWHU
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